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The Effects of Sea Level Rise on Health and Displacement in
the Pacific Northwest
Rachel Suhs
Depart of Atmospheric and Earth Science
Abstract - Coastal Washington and Oregon are
vulnerable to future inundation due to sea level rise.
Inundation would most likely lead to people displaced
from their homes and lead to health issues of both
mental and physical natures. Using ArcMap, areas
most likely to be inundated were identified and the
number of people that may be displaced were
estimated for 1, 2, and 5 ft of sea level rise scenarios.
The amount of Native Americans who live on
federally recognized reservations and entities that
may be displaced was also estimated. It was found
that many of the inundated areas, particularly those
within reservations or entities, were in medically
underserved areas and health professional shortage
areas. It was found that over 200,000 people would be
displaced by 1 ft of sea level rise, over 225,000 people
by 2 ft, and over 300,000 people by 5 ft. Of those
displaced, over 2,100 Native Americans who live on
reservations or entities would be displaced by 1 ft of
sea level rise, 3,700 Native Americans by 2 ft, and
5,900 Native Americans by 5 ft. About a third of those
displaced live in medically underserved areas and
over two thirds live in areas that lack primary care and
mental health professionals.
I. Introduction
Sea level rise (SLR) and the subsequent
flooding poses a threat to many coastal communities
around the world. While it is difficult to quantify the
amount of people that will actually be impacted by
SLR, it is important to explore possible scenarios. In
doing so, a baseline for how many people and what
communities will be impacted by future inundation
due to SLR events can be formed. It is important to
ensure that the impacts of SLR on underserved
communities, such as indigenous peoples, are being
explored in order to assess where aid is needed most.
Coastal Washington and Oregon will
experience sea level rise related inundation and the
consequences that accompany it. It is important to
look at the Pacific Northwest as the region has a long
coastline of approximately 4,400 miles and a
population of 5.5 million that lives near the coast (The
Coast of the United States, 1975; Washington, n.d.;
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Oregon, n.d.). Furthermore, Washington and Oregon
have significant Native American populations with
reservations or entities along the coastline as
indigenous communities are highly vulnerable to SLR
and climate change (Ford, 2012). The Pacific
Northwest also experiences the effects of the Pacific
Decadal Oscillation and the El Nino Southern
Oscillation which increase coastal hazards and would
exacerbate the effects of sea level rise in the region
(Dalton et al., 2013). This region is further vulnerable
as it was found that with at least 10 centimeters (3.9
inches) of SLR, the flooding potential doubles for high
latitude regions such as the Pacific Northwest
(Vitousek et al., 2017).
Health issues arise in the aftermath of
flooding and inundation, so it is reasonable to explore
these eventualities. The health issues would be of both
a physical and psychological nature as flooding and
inundation can lead to increases in gastrointestinal and
respiratory illnesses as well as mental ones such as
PTSD, anxiety, and depression. However, not all areas
are equally equipped to face these challenges
Therefore, it is vital to explore the displacement and
health impacts of sea level rise. Such an undertaking
can allow for preparations to be made in advance so
that communities, in conjunction with local, state, and
federal authorities may have a better grasp of potential
impacts. This includes predicting how many people
will be displaced from their homes and how many
people may need medical attention as a result. It also
allows for communities to decide the best course of
action for the future. Furthermore, informing
underserved communities, such as Native Americans,
of these potential risks prepares them to seek aid from
government programs.
II. Methodology
Study Area
The Pacific Northwest is not as vulnerable to
sea level rise as other regions such as the Gulf Coast
due to its high elevation, but it will still experience the
detrimental effects of it, such as displacement and
illnesses (Gornitz et al., 1991). It is worth exploring
inundation in this region since there is a vast population
and shoreline that will experience the effects of SLR.

The Pacific Northwest will most likely experience
between 0 and 2ft of SLR by 2100 (Dalton et al.,
2013). Therefore, 1, 2, and 5 feet (ft) of SLR scenarios
were explored with the 5 ft scenario as an extreme.
Data

Sea level rise data were obtained from
NOAA’s Office for Coastal Management. The
datasets downloaded were the Mapping Confidence
rasters that show confidence levels for inundation or
dryness for 1, 2, and 5 ft of SLR for different coastal
areas. This data was used to determine what areas are
most at risk of inundation under the different SLR
scenarios. Health Professional Shortage Areas
(HPSA) and Medically Underserved Areas (MUA)
shapefiles were downloaded from the United States
Health Resources and Service Administration. The
HPSA and MUA datasets were used to explore how
many people may require medical attention and/or be
displaced as a result of SLR. The HPSA shapefiles
showed areas where there was a shortage of primary
care or mental health professionals, and the MUA
shapefile showed areas that are medically
underserved in general. These areas are decided by the
Health Resources and Services Administration’s
designation process which looks at variables such as
clinical practice activity, hours worked at each
location, provider practice locations, etc. in order to
be considered medically underserved or have a
shortage of healthcare professionals.
Population data were obtained from NASA’s
Socioeconomic Data and Application Center. The
Gridded Population of the World Version 4:
Population Count Adjusted to Match 2015 Revision
of UN WPP Country Totals dataset was used to assess
how many people could potentially be impacted by
different SLR scenarios. The 30” resolution GeoTiff
estimate for 2020 was used to model population
counts in potentially inundated areas. The Social
Vulnerability Index by census tract datasets for
Washington and Oregon for 2010 was obtained from
NOAA’s Office for Coastal Management. This
polygon dataset was also used to estimate the amount
of people impacted by SLR. The American Indian
Reservations/Federally Recognized Tribal Entities
shapefile was obtained from the Bureau of Indian
Affairs and displayed the reservations/entities as
polygons and contained population data for each
reservation. The data was used to estimate the number
of Native Americans affected by SLR.

Methods
Data processing and manipulation was
completed in ArcMap 10.5.1. First, all data was
projected to North American Datum 1983 (2011) UTM
Zone 10N. Next, cell values of high confidence levels
for inundation were selected from the mapping
confidence rasters; these high confidence values are
values were mapped as inundated at least 80% of the
time in the creation of the dataset. With these values
selected, the rasters were converted into polygons and
then all the polygons making up the coastline were
merged. This process was done for 1 ft, 2 ft, and 5 ft of
SLR. Then, the extract by mask tool was used to
narrow the Gridded World Population data down to the
study
area.
The
American
Indian
Reservations/Federally Recognized Tribal Entities,
Hospital, MUA, and HPSA datasets were clipped down
to the Pacific Northwest as well.
Next, the number of people that would be
displaced under the different sea level rise scenarios
was calculated. First, the census tracts and inundation
polygons were intersected, and the resulting layer was
dissolved by census tract. This resulted in a polygon
layer displaying where inundation overlapped with
each census tract. Then, the Zonal Statistics as Table
(ZST) tool was used to estimate the amount of people
living within potentially inundated areas in each census
tract based on the Gridded Population data. The ZST
output table was joined to the census tracts layer, and
the number of people displaced in each census tract
was displayed based on Jenks which are groupings
based on natural breaks in the data.
A similar process was used to estimate the
number of people affected that are living on Federally
Recognized Entities or American Indian Reservations
using
the
respective
shapefiles.
The
reservations/entities layer was intersected with the
inundation and then dissolved by the Land Area
Representation Name. Then, the ZST tool was run
again to estimate the number of people living within
potentially inundated areas of each reservation/entity,
based on the Gridded Population data. The output table
was joined to the reservations/entities layer and
displayed based on the natural breaks within the data.
These steps were run for 1ft, 2 ft, and 5 ft of SLR.
In order to identify areas that may experience
a higher rate of health problems due to lack of access,
the Medically Underserved Areas (MUA), the shortage
of primary care professionals areas (PC), and the
shortage of mental healthcare professionals areas (MH)
datasets were first intersected with inundation. These
intersections were calculated for each level of SLR.
Then, intersected layers were dissolved by unique
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identifiers and the newly dissolved layers were used
in the ZST tool with the Gridded Population dataset.
This produced tables of how many people in each
intersection
combination
would
experience
inundation and potentially be at a higher risk for
health problems. This process was repeated for the
intersection combinations of the reservations/entities
dataset.
It is important to note that these are estimates
and the methods used do have flaws. The predicted
amount of people that would be impacted are likely
overestimates as the Zonal Statistics as Table tool
uses the whole value of a pixel in the Gridded World
Population data when only part of the pixel
experiences inundation leading to overestimation.
Furthermore, there was no data available for the
northwest corner of Washington which includes parts
of Clallam, Grays Harbor, and Jefferson counties; this
area also has reservations and entities that were not
accounted for. These areas were not included in the
estimates which could indicate an underestimate of
displaced populations.
III. Results
SLR and Displacement
The estimates of how many people would be
displaced by 1 ft, 2 ft, and 5 ft of sea level rise are
shown in Figure 2. The color of each census tract
displays the estimated range of people displaced. The
areas that would be inundated are shown as well with
a light blue color. An estimated 203,620 people are
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expected to be displaced by 1 ft of SLR, 227,751
people are estimated to be displaced by 2 ft of SLR,
and 308,581 people are estimated to be displaced by 5
ft of SLR. The counties that have census tracts with the
highest rates of displacement include Skagit,
Snohomish, Grays Harbor, Wahkiakum, Cowlitz,
Kitsap, Clatsop, Columbia, and Coos counties.
The estimate of how many people who live on
Native American reservations/entities that would be
displaced by 1 ft, 2 ft, and 5ft of SLR has been analyzed
and visualized in Figure 3. Each affected reservation
or entity is displayed with a color that represents the
estimated range of people that could be displaced. The
inundated areas are shown as well. An estimated 2,183
people who live on reservations/entities will be
displaced by 1 ft of SLR, 3,755 people who live on
reservations/entities are estimated to be displaced by 2
ft of SLR, and 5,964 people are estimated to be
displaced by 5 ft of SLR. Table 1 shows the amount of
people for each reservation/entity that will be displaced
by 1 ft, 2 ft, and 5ft of sea level rise with the Puyallup,
Tulalip, and Lummi reservations/entities being the
most impacted. Table 2 shows the percentage of each
population type, Native American or general, from
affected counties that would be displaced. Native
Americans are shown to be less likely to be displaced
for 1 ft of SLR, but more likely to be displaced by 2
and 5 ft. However, Table 2 accounts for displaced
Native
Americans
that
live
on
federal
reservations/entities and does not include those who do
not live on reservations/entities.

Figure 2. The number of people displaced by census tract for 1 ft, 2 ft, and 5 ft of sea level rise.
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Figure 3. The amount of people who live on each reservation/entity displaced by 1 ft, 2 ft, and 5ft of SLR.
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Table 1. The amount of people estimated to be
displaced in each reservation/entity.
Reservation
/
Entity

Amount
of People
displace
d by 1 ft
SLR

People
displace
d by 2 ft
SLR

People
displace
d by 5 ft
SLR

Shoalwater

0

0

7

Port
Madison

0

0

102

Coquille of
Oregon

0

0

135

Skokomish

137

164

357

Swinomish

351

351

362

Quinault

261

525

516

Lummi

508

583

902

Tulalip

483

1451

977

Puyallup

444

683

2611

Table 2. The percentage of each population type from
the counties affected that will be displaced by SLR.

Feet of SLR

% of Native
American
Population

% of General
Population

1

2.48

3.09

2

4.27

3.46

5

6.79

4.68

SLR and Health
In inundated areas, approximately 30% of
the people that would be displaced also reside in a
medically underserved area, 70% of those displaced
would be in an area that has a shortage of primary
care professionals, and 90% of those displaced would
be in an area that has a shortage of mental health
professionals. Most inundated areas are in health
professional shortage areas and almost half of
inundated areas are in medically underserved areas.
This is shown in Figures 4, 5, and 6.
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Figure 4. Areas that could be inundated and are medically underserved.

21

Figure 5. Areas that could be inundated and lack Primary Care Professionals.
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Figure 6. Areas that could be inundated and lack Mental Health Professionals.
Table 3. The number of people that live in medically
underserved areas and/or areas that lack healthcare
professionals that will experience inundation.
Feet People in
People in PC People in MH
of
MUA and
and
and
SLR Inundation
Inundation
Inundation
1

59,498

136,504

178,047

2

65,422

156,706

198,930

5

104,656

240,003

285,429
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Table 4. The number of people who reside on
reservations/entities in medically underserved areas
and/or areas that lack healthcare professionals that
will experience inundation.
Feet People in
People in PC People in MH
of
MUA and
and
and
SLR Inundation
Inundation
Inundation
1

705

1739

1739

2

1207

3072

3072

5

3369

3354

3354

IV. Discussion
The effect of sea level rise will be dire and
extensive. Over 200,000 people will potentially be
displaced due to 1 ft of SLR. The number of people
that will face health and displacement challenges rises
with the amount of SLR with over 225,000 people
impacted by 2 ft of SLR and over 300,000 people
impacted by 5 ft. Additionally, over 2,100 people who
live on reservations/entities could be displaced by 1 ft
of SLR, over 3,700 people by 2 ft, and 5,900 people
by 5 ft. Although sea level rise is difficult to predict,
especially for the Pacific Northwest, these estimates
for the most likely scenarios (1 and 2 ft) in addition to
an extreme (5 ft) hold value. The estimates can allow
for proper preparations for funding and aid to be made
in advance of the actual sea level rise events.
Furthermore, separate preparations and aid can be
made for underserved communities, such as Native
Americans.
Many of the people that would experience
inundation reside in medically underserved areas and
health professional shortage areas. This means that
many people who might experience inundation could
have poor access to proper healthcare. Easy access to
healthcare is a necessity because of the many health
issues that arise due to inundation including anxiety,
PTSD, depression, gastrointestinal illnesses, and
respiratory illnesses. The identified areas can be
targeted for funding for better healthcare and the
introduction of more health professionals. For
underserved communities that are more at risk of
health issues, such as Native Americans, it is
important that healthcare be prioritized.
V. Conclusion
The Pacific Northwest is just one area that
will face sea level rise and inundation as a result.
Hundreds of thousands of people may be affected.
Despite the inability to calculate the exact number of
people that will be displaced, the estimates of how
many people and where they live can help
communities and all levels of government prepare for
sea level rise scenarios. Therefore, the damage and
problems that might arise can be reduced or avoided
before they occur. This research found that over
200,000 people in coastal Washington and Oregon
may be displaced due to sea level rise. Native
Americans in these states are particularly vulnerable
with over 2,000 people at risk of displacement due to
inundation on nine reservations/entities. The areas at

risk of inundation, especially those within
reservations/entities, fall with medically underserved
areas and health professional shortage areas.
It is beneficial for the different levels of
government as well as communities and the tribes
affected to know these possibilities and where
potentially displaced populations will be. A proper
amount of time can be taken to assess how much aid
will be needed and to evaluate solutions should a city,
town, or reservation/entity need to be abandoned due
to inundation. Additionally, the knowledge of which
reservations and entities are in medically underserved
areas or health professional shortage areas and which
do not have easily accessible hospitals or healthcare
centers can also help government administrations for
planning aid allocation in the event of natural disasters
or public health crises. This way tribes that are in
medically underserved areas or lack health
professionals may receive aid swiftly or be allotted
funding. With this knowledge in hand, proper courses
of action can be taken by both sides and a dialogue can
be opened between communities and the government
so that plans for aid and relocation can be made.
Additional research can be completed with sea level
rise data that is specifically tailored to the Pacific
Northwest and detailed population data to depict more
accurate representation of where inundation may
occur and how many people will be impacted. More
sea level rise scenarios can be explored for up to ten
feet of SLR to gain more insight into the amount of
people that may be displaced. Furthermore, this
research can be expanded further by looking at
poverty, race, age, and social vulnerability rates for
inundated areas so that communities that are more
socially and economically vulnerable may be
identified and aided in the event of sea level rise.
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